We examined the stability of uric acid in dilute aqueous ammonium hydroxide solution by mass spectrometry. Uric acid decomposes in ammonium hydroxide even as dilute as 15 mmoL/L when the mole ratio of ammonium hydroxide to uric acid is 50:1. There are at least four products of the decomposition, two of which have been identified as allantoin and urea. The slope of the decomposition curve indicates that uric acid is destroyed at an initial rate of 2-3% per hour. In ammonium hydroxide at a concentration of 1 mmol/L and a mole ratio of ammonium hydroxide to uric acid of 3.4, uric acid is not detectably decomposed. Evidently, any method for determination of uric acid that involves treating the analyte with ammonium hydroxide before analysis may destroy it. Therefore, a published method described as being "definitive" for uric acid (J GUn Chem Clin Biochem 1985;23:129-35) could produce incorrect results because it involves storing the uric acid in 15 mmol/L ammonium hydroxide at a mole ratio of ammonium hydroxide to uric acid of >120:1.
Of clinical interest is the accurate and precise measurement of uric acid, an important analyte indicative of hyperuricemia, which can be caused by renal failure, LeschNyhan syndrome, and other diseases.Therefore, the National Bureau of Standards (NBS) has been developing a definitive method for measurement of uric acid that is based on isotope dilution mass spectrometry(ID/MS).3A definitive method is defined as one that gives results that are precise and essentially free from bias (1). A fulldescription of an NBS ID/MS procedure, as applied to urea, has been published (2).
For measurement of uric acid in serum, standards of known concentration must be prepared in a suitable solvent. Uric acid isvirtually insoluble in water or common organic solvents, but will dissolve in basic solution. Aqueous Li2CO3 (3), KOH (4), NaOH (5), and anunonium hydroxide (6) have been used as reagents for dissolving uric acid. There is evidence that uric acid is not stable in Li2CO3over a period of weeks (7), or at 37 #{176}C for two days (8). Siekmann (6) used anunonium hydroxide as the reagent for dissolving uric acid at a mole ratio of ammonium hydroxide to uric acid of about 120:1. To dissolve the uric acid, we chose animonium hydroxide to avoid the presence of large amounts of nonvola- tile inorganic salts. Our first experiments were at a mole ratio of anunonium hydroxide to uric acid of 50:1.
As part of our general ID/MS method, independent sets of standards consisting of known amounts of uric acid and
acid are prepared and checked against each other. Standards from one set are treated as unknowns and measured by bracketing with standards from another set. For each standard from the set being tested, a weight ratio is calculated, based on intensity ratios measured for the "unknown" standard and two standards from the other set, and the known weighed ratios of these latter standards. This calculated weight ratio is compared with the known weighed ratio for the "unknown." If the differences are small (<0.5%), and random in direction, the agreement between the two sets is considered to be acceptable.
Our procedure for preparing uric acid standards involved dissolving the uric acid crystals in a small volume of 15 mmolJL animonium hydroxide and then diluting that solution to volume with either water or more 15 mmoIJL ammonium hydroxide. Sets prepared by dilution with 15 mmol/L ammonium hydroxide did not agree with each other or with the sets that were prepared by dilution with water. Here we report the results of our investigation of this disagreement.
Materials and Methods

Materials.4
We used NBS Standard Reference Material (SRM) 913, uric acid, with a certified purity of 99.7%. We purified [1,3-'5N2]uric acid with an isotopic purity of 99 atom % (Merck and Co., St. Louis, MO 63116) by dissolving it in aqueous Li2CO3, precipitating with acetic acid, and drying. N,N'-Di-9H-xanthen-9-ylurea was synthesized (9). Other reagents were reagent grade and were used as supplied.
Sample preparation. For the isotope ratio experiments, samples were prepared as follows. Fresh stock solutions of labeled and unlabeled uric acid in ammonium hydroxide were prepared as dictated by experimental protocol. To prepare solutions of accurate concentration, both the uric acid crystals and solvent were measured by weight. The uric acid was weighed in an aluminum, gold, or platinum boat and was dissolved either by sonication or by stirring. According to each experimental protocol, weighed portions of the stock solutions of labeled and unlabeled uric acid were combined and lyophilized. Samples were derivatized with Nmethyl-N-(tert-butyldimethylsilyl)trifiuoroacetamide containing 10 g of imidazole per liter at a 390:1 mole ratio of reagent to uric acid, plus an equal volume of acetonitrile, at 60#{176}C for 48 h. The derivatization was essentially complete. The concentration of uric acid in the derivatizung solution was -100 mgIL. The product, the tetra(tert-butyldimethylsilyl) derivative of uric acid, had a molecular mass of 624 Da for the unlabeled compound and 626 Da for the labeled compound.
IdentifIcation of any commercial product doesnot imply recommendation or endorsementby NBS, nor does it imply that the material or equipment is necessarily the best available for the purpose. GC/MS conditions. For the isotope ratio experiments, the instrumentation consisted of a gas chromatograph (CC) combined with a single-focusing magnetic sector mass spectrometer and a control and data acquisition system designed specifically for isotope ratio measurements (2) . The mass spectrometer was operated in the electron impact mode at 72eV with an emission current of 0.5 mA and anion source temperature of 200 #{176}C. Measurements were made of the abundances of the EM -57] ions at miz 567 and 569. The gas chromatograph was equipped with a fused silica column, 15 m x 0.25 mm (o.d.), with a nonpolar bonded phase (0.25-im thick ifim). The split ratio was 10:1 and the CC oven temperature was set at 245 #{176}C. The helium carrier gas pressure was set to give a flow rate of 3 mllmin.
The injection port and interface to the mass spectrometer were maintained at about 260-275 #{176}C. Under these conditions, the retention time for the uric acid derivative was -5 mm. Duplicate injections were made from each sample of derivatized uric acid. The isotope ratios were measured for each injection according to the previously described protocol (2) .
Direct probe conditions. We used a double-focusing mass spectrometer of Mattauch-Herzog geometry equipped with a water-cooled probe. The ion source temperature was 150 #{176}C, the electron energy was 70 eV, and the resolution was 1000. Under these conditions, urea came off the probe at -70#{176}C, allantoin at -150-170#{176}C, the urea xanthenyl derivative at -210-240#{176}C, and the uric acid SRM 913 at -300-340#{176}C.
Thin-layer chromatography. The products of the decomposition of uric acid and ammonia were also examined by TLC. These products and known samples of urea and allantoin were dissolved in methanollwater (1/5 by vol), spotted on a silica gel TLC plate, and developed for 12 cm in n-propanol/ concentrated aminoniuni hydroxide (7/3 by vol). The plate was sprayed with a 10 g/L solution of 4-dimethylaminocinnamaldehyde in a equivolume mixture of 95% ethanol and 6 moIJL HC1 (10). In this system urea has an Rf of 0.59 and allantoin has an R1 of 0.39.
Experiments. Experiment 1 was designed to test the stability of uric acid in 15 mmol/L ammonium hydroxide.
We weighed the uric acid in aluminum boats, and used sonication to help dissolve the uric acid. We dissolved labeled uric acid in 15 mmol/L ammonium hydroxide to yield a mole ratio of ammonium hydroxide to uric acid of -50:1. We also dissolved unlabeled uric acid in 15 mmolJL ammonium hydroxide to yield a 7.4:1 mole ratio and then diluted that solution with water such that the final ammonium hydroxide concentration was -2 mmol/L. We dispensed into seven tubes weighed aliquots containing 100 pg of labeled uric acid and later, at different times, added aliquots of the unlabeled uric acid. Immediately after each addition of unlabeled uric acid, we added 10 mL of water and mixed.
Experiment 2 was like Experiment 1 except that we used gold weighing boats instead of aluminum weighing boats.
In Experiment 3 we used a lower concentration of ammomum hydroxide (1 mmolJL) and a lower ratio of ammonium hydroxide to uric acid (1.7:1), and monitored the stability of uric acid under these conditions. Gold boats were used for weighing and stirring was used as an aid to dissolution of the uric acid. We dispensed 1-mL aliquots containing 100 pg of labeled uric acid into six tubes, sealed the tubes, and left Meiselman S, Ellerbe P, Welch M, White V E. Isotope dilution mass spectrometry utilizing electric deflection plate switching. Posterpresented at the 34th Annual Conferenceon Mass Spectrometry and Allied Topics,Cincinnati, OH, June 8-13, 1986. them in the dark. At each time point indicated, solid, unlabeled uric acid was freshly dissolved in 1 mmoi/L anunonium hydroxide, also at a mole ratio of 1.7:1, and 1 mL of this was added to each of a pair of the tubes containing labeled uric acid. Thus, we exposed the unlabeled uric acid to ammonium hydroxide as briefly as possible before adding it to the labeled compound, thereby minimizing any change in the unlabeled uric acid. Time zero was defined as the time when the first drops of ammonium hydroxide were added to the labeled uric acid.
Experiment
was similar to Experiment
3, except that we doubled the mole ratio of ammonium hydroxide to uric acid to 3.4:1.
Results and Discussion
Experiment 1 was designed to examine the instability of uric acid in animonium hydroxide to seeif degradation could be the cause of the disagreement among standard sets. We added portions of a solution of SRM uric acid in 2 mmol/L ammonium hydroxide, after various storage times, to a solution of labeled uric acid in 15 mmolJL ammonium hydroxide. If the uric acid were unstable in 15 mmol/L ammomum hydroxide, the intensity ratio of unlabeled to labeled uric acid should increase over time, as the labeled uric acid is destroyed. The results of this experiment ( Figure  1) showed that uric acid is being destroyed at a rate of 2-3% per hour, even after 3 h, and thus, in 15mmol/L ammonium hydroxide at a 50:1 mole ratio, uric acid is not stable.
We observed gas evolution from the aluminum weighing boats in contact with ammonium hydroxide. To test whether the reaction forming this gas (probably hydrogen) was destroying the uric acid, we substituted gold boats for the aluminum ones and repeated Experiment 1. The results of Experiment 2 (not shown) indicated that uric acid was destroyed at the same rate as in the first experiment.
The stock solutions of labeled and unlabeled uric acid prepared for Experiment 2 were kept 11 days at room temperature, lyophilized, and the solids examined by directprobe mass spectrometry. Very little uric acid was present. conditions, were essentially identical. Allantoin is a known decomposition product of uric acid in alkaline solutions (12). Urea is a possible end product of uric acid degradation. Small amounts of urea would be missed in the mass spectra from the direct probe because intense fragment ions from allantoin occur at the same masses as the major ions from urea. To check for the presence of urea, we prepared derivatives of samples of the solid unknown by reaction with xanthydrol (9) and examined them in the direct probe. The presence of the urea derivative, mainly N,N'-di-9H-xanthen-9-ylurea, was clearly shown in the mass spectrum.
The identity of the compounds was also confirmed by TLC. Four pink spots appeared, two of which corresponded in R with urea at 0.59 and allantoin at 0.39. The Rf values of the unidentified spots were 0.35 and 0.24.
Having identified the decomposition of uric acid as the cause of the disagreement among our standard sets, we turned our attention to the prevention of uric acid decomposition. There is evidence that uric acid is more stable in lessalkaline solutions (13). Our approach was to decrease the concentration of ammonium hydroxide in which the uric acid is dissolved. We also moderated the conditions by discontinuing sonication as an aid to dissolution. For Experiment 3, which was at a reduced ammonium hydroxide concentration, we used gold boats for weighing and stirring as an aid to dissolution. We wanted to know whether there was any uric acid decomposition under these experimental conditions. To answer that question, isotope ratio measurements were made as before, and were repeated on another day. To interpret the data, we took a worst-case approach, described below, and we found that the maximum amount of decomposition of uric acid, even under the worstcase conditions, would not be measurable.
Our approach was as follows. Since the ratio measurements on the first day cannot be compared with the ratio measurements on the second day because of day-to-day instrument variability, the slope of the line and its standard error were calculated separately for each day's results. These slopes were averaged and the standard error of this averageslope was calculated from the standard errors of the individual lines. Thus, the slopesof the lines formed by each set of points were averaged, instead of each separate pair of points.
To provide a worst-case measure for the amount of destruction of uric acid, we added twice the standard error of the average slope to the average slope. This value was then dividedby the averagevalue ofthe intensity ratio to provide an estimate of the maximum amount of destruction of uric acid in percent per hour.
For Experiment 3, the calculated worst-case rate of uric acid decomposition is 0.08% per hour, which is not detectable under our experimental conditions. Therefore, in 1 mmol/L ammomum hydroxide, uric acid is sufficiently stable at a mole ratio of 1.7:1 to permit valid preparation of standards.
The solutions of labeled and unlabeled uric acid from this experiment were left to stand for five days, lyophilized, and the resulting solids examined by the direct probe in the mass spectrometer. Only uric acid was present; allantoin and urea were not detectable. This result provides further evidence that uric acid is stable in aromonium hydroxide at a mole ratio of 1.7:1. Experiment 4 was conducted to confirm that 1 mmol/L ammonium hydroxide at a mole ratio of 1.7:1 provides an adequate margin of safety. Experiment 3 was repeated, but the mole ratio of animonium hydroxide to uric acid was doubled to 3.4:1. Platinum boats were used for weighing, and stirring was used as an aid to dissolution. The calculated worst-case amount of uric acid decomposition is 0.15% per hour. This small change provides further evidence that ammonium hydroxide at a mole ratio of 1.7:1 will not, for our experiments, detectably destroy uric acid.
In a recent "definitive" method (6), 15 mmoIJL ammonium hydroxide solutions of uric acid were used at a mole ratio of over 120:1. Although the author cautions that this solution must be prepared each day, according to our results a significant amount of the uric acid would have been destroyed even over periods as short as one hour, thus leading to errors in those measurements. Perhaps the actual intervals during which uric acid was exposed to ammonium hydroxide were very short, or perhaps another means of stabilization was used but not described.
Evidently, for the purpose of accurate and precise measurement, as required for a definitive method, ammomum hydroxide can be used as a solvent for uric acid if the concentration of ammonium hydroxide is 1 mmol/L and the mole ratio of ammonium hydroxide to uric acid is 3.4. This precaution is not always taken. Also, if ammonium hydroxide is used to treat samples before analysis (13, 14) , the possibility that uric acid in the sample has been destroyed would have to be considered.
